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IMPROVED CONFIGURATION AND PROCESS FOR SHIFT CONVERSION 

Field of The Invention 

The field of the invention is hydrogen production, and especially relates to configurations 
and processes that reduce steam consumption in hydrogen production from synthesis gas while 
5. maintaining a certain design value for the hydrogen to carbon monoxide ratio. 

Background of The Divention 

Numerous processes are known in the art to produce hydrogen from various materials, 
including steam reforming of natural gas, syngas, or naphtha, catalytic reforming of heavy 
straight run gasoline or heavy oils (e.g., fuel oil), and partial oxidation of heavy oils or natural 
10 gas. Steam reforming of hydrocarbonaceous material is particularly advantageous due to the 

relatively simple configuration and relatively robust operation. However, generation of steam for 
the reforming process requires often relatively large quantities of energy. 

To reduce the energy demand for steam production, steam may be internally provided by 
quenching hot gas from the reformer in direct contact with water as described in U.S. Pat. No. 
15 3,545,926 to Schlinger et al., or in U.S. Pat No. 5,152,975 to Fong et al. Such configurations 
may provide a significant reduction in energy consumption for steam production. However, 
depending on the particular operating conditions, it may be necessary to heat the quenched gas 
prior to entry into the shift converter, which reduces the energy savings to at least some degree. 

Alternatively, the reforming process may be split into two sections in which the feed gas 
20 is reformed with steam in the first section and with oxygen in the second section as described in 
U.S. Pat No. 4,782,096 to Banquy. While such configurations generally require less overall . 
steam as compared to a conventional steam reforming processes, several disadvantages 
nevertheless remain. Among other things, operation of the second section generally requires an 
oxygen rich gas (typically comprising 80 vol% or even more oxygen), which has to be generated 
25 in an air separation or other oxygen enrichment equipment. . 

Therefore, while various configurations and methods to reduce energy costs associated 
with steam generation are known in the art of steam reforming, all or almost all of them suffer 
from one or more disadvantages. Thus, there is still a need to provide improved configurations 
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and methods to reduce energy costs associated with steam consumption in steam reforming, 
partial oxidation and gasification plants. 

Brief Description of The Drawing 

Figure 1 A is a schematic of an exemplary configuration for hydrogen production from 
synthesis gas according to the inventive, subject matter. 

Figure IB is a table indicating composition, flow rate, and temperature of various streams 
of the configuration of Figure 1A. 

Figure 2 A is a prior art schematic of a known configuration for hydrogen production 
from synthesis gas. 

Figure 2B is a table indicating composition, flow rate, and temperature of various streams 
of the configuration of Figure 2A 

Detailed Description 

In most currently known configurations for production of hydrogen from synthesis gas 
(and particularly from synthesis gas with high carbon monoxide to hydrogen ratio), steam is 
required in quantities far in excess of the amount required by stoichiometry for the shift reaction 
(CO + H 2 0 ->• H 2 + CO2) is required. The inventors unexpectedly discovered that the excess 
steam predominantly serves to limit the temperature rise across the catalytic reactor, as the 
reforming reaction is highly exothermic. Consequently, the inventoTS contemplate a process 
configuration in which a first traction of the total feed gas is bypassed around a first shift reactor 
to reduce the amount of produced heat and thus to reduce the amount of required steam. A 
second fraction of the total feed gas is combined with the processed first fraction and then fed 
into a second shift reactor to complete the conversion of the total feed gas. 

An exemplary contemplated configuration is depicted in Figure 1A in which a plant 
includes a shift conversion unit 100 having a first shift reactor 1 10 and a second shift reactor 
120. Syngas stream 1 (or syngas stream -2 where a bypass is employed; see below) is split into a 
first feed stream and a second feed stream, wherein the first feed stream (about 40 vol% of total 
feed gas stream 1) is combined with steam 3 to form stream 4, and wherein the second feed 
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stream 9 (about 60 vol% of total feed gas stream 2) is bypassed around the first shift reactor 1 10. 
Stream 4 maybe preheated by feed preheater 105 before entering the first shift reactor 110. The 
effluent 5 from the first shift reactor 1 10 is then cooled by effluent cooler 1 15, and the cooled 
effluent 5 is combined with the second feed stream 9 to form mixed feed stream 6 that is then fed 
to the second shift reactor 120. The effluent 7 from the second shift reactor 120 may then be 
combined with bypass stream 10 (which maybe drawn from the syngas stream 1 to control 
conversion) to form hydrogen rich product stream 8. Exemplary calculated composition, flow 
rate, and temperature of various streams as indicated above and in Figure 1 A are shown in the 
table of Figure IB. 

For comparison, Prior Art Figure 2A depicts a typical steam shift configuration 200 in 
which a first steam reactor 210 and a second steam reactor 220 provide conversion of a syngas 
stream 1 to a hydrogen rich product stream 8 with the same amount of CO shifted to H 2 as the 
previous case (/.e., same H 2 to CO ratio in the product stream leaving the shift unit). More 
particularly, syngas stream 1 is divided into syngas stream 2 (typically about 83 vol% of syngas 
stream 1) and bypass stream 9 (typically about 17 vol% of syngas stream 1). The syngas stream 2 
is combined with steam 3 to form stream 4, which is preheated by feed preheater 205 before 
entering the first shift reactor 210. The effluent 5 from the first shift reactor 210 is then cooled by 
effluent cooler 215 to stream 6 that is fed to the second shift reactor 220. The effluent 7 from the 
second shift reactor 220 is combined with bypass stream 9 (to control conversion) to form 
hydrogen rich product stream 8. Exemplary calculated composition, flow rate, and temperature 
of various streams as indicated above and in Figure 2A are shown in the table of Figure 2B. 

Therefore, the inventors generally contemplate a plant comprising a first shift reactor and 
a second shift reactor, wherein the first shift reactor receives a first portion of a feed gas to form 
a processed feed gas, and- wherein the processed feed gas is combined with a second portion of 
the feed gas to form a mixed feed gas that is fed to the second shift reactor, thereby reducing 
steam consumption of a reforming process of the feed gas. Particularly preferred feed gases 
include syngas from a gasification reactor or partial oxidation unit, and it is especially preferred 
that the first portion of the feed gas is between 50 vol% to about 75 vol% of the feed gas. In yet 
further contemplated aspects, suitable plants may further comprise a bypass that combines part of 
the feed gas with an effluent gas from the second shift reactor to control the conversion. 
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The nature, composition and pressure of suitable feed gases may vary considerably and it 
should be recognized that all feed gases with a significant amount of carbon monoxide are 
considered appropriate. However, it is especially preferred that the feed gas is a syngas from a 
gasification plant or partial oxidation unit Thus, particularly preferred feed gases will typically 

5 have a carbon monoxide to hydrogen ratio in excess of 2 (a typical syn gas may comprise 50 
mol% carbon monoxide, and 20 mol% hydrogen, with the balance including nitrogen, carbon 
dioxide, sulfurous compounds, and inert gases). With respect to the shift reactors, it should be 
recognized that all known types and sizes may be used in conjunction with the configuration 
* according to the inventive subject matter. Similarly, where a catalyst is employed, all known 

10 shift catalysts are deemed suitable for use herein. 

It is further contemplated that the particular amount of feed gas that is bypassed around 
the first shift reactor may vary considerably, and generally contemplated amounts are between 
less than about 10 vol% and about 90 vol%, and even higher. However, with most typical 
operations, and depending on the composition of the syngas or other feed gas, and the required 
15 H2 to CO ratio in the product stream leaving the shift unit, the amount of feed gas that is 
bypassed around the first shift reactor may be between about 50 vol% to about 75 vol%. 
Similarly, the amount of bypass to control the conversion may vary considerably, and typical 
amounts will generally lie between zero and about 25 vol%. 

Based on calculations using configurations according to Figures 1 A and 2A, the inventors 
20 determined that by bypassing a portion of the syngas around the first shift reactor, the steam 

consumption can be reduced by as much as 50 to 60 percent. However, it should be appreciated 
that the particular savings will depend to at least some degree on the carbon monoxide/hydrogen 
ratio of the feed gas. The so saved steam may then be utilized for other processes, and especially 
for the generation of power. For example, in a commercial sized power plant (total equivalent 
25 power capacity of 400 MW), the calculated power that may be generated from the saved steam is 
in excess of 50 MW. 

In a particularly contemplated aspect of the inventive subject matter, it should be 
recognized that configurations and methods according to the inventive subject matter are 
especially suitable for plants in which deep carbon monoxide conversion is not required. For 
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example, suitable plants include those that coproduce a fuel gas that may be supplied to a gas 
turbine or fuel cell and/or a fired equipment (e.g., furnace or boiler), wherein the high purity 
hydrogen for such plants is provided via membranes and/or a pressure swing adsorption unit that 
purifies the shifted gas. 

5 Alternatively, contemplated methods and configurations may be employed as retrofit in 

various petrochemical plants that consume hydrogen that is currently generated from natural gas. 
Replacement of such hydrogen production with hydrogen production from gasification of 
alternative fuels (e.g., refinery residues or coal) may be especially advantageous in view of 
environmental as well as economical aspects. Among other things, penalties for carbon dioxide 

10 emission may be reduced using contemplated configurations in which hydrogen is produced 
from syngas generated from coal or other cheap fuel and combusted in the gas turbine of a 
combined cycle, while the carbon dioxide is separated from the shifted gas and sequestered. 

In another example, contemplated configurations and methods may become increasingly 
attractive to crude oil refineries as the quality of crude oil decreases with a concomitant increase 

15 in low quality heavy residues (e.g. , heavy oils or coke) production, which may be consumed 
within the refinery using hydrogen (e.g., via hydrogenation and/or hydrocracking) generated by 
configurations and methods presented herein. In still further examples, contemplated 
configurations and methods may be employed in synthesis plants (e.g., plants producing 
methanol, dimethyl ether, Fischer Tropsch liquids, etc.) that require adjustment of the carbon 

20 monoxide to hydrogen ratio in the feed gas. 

It should still further be recognized that contemplated configurations and methods will 
advantageously reduce the size of the shift reactorts), significantly reduce steam usage which 
results in more steam being available for other purposes (e.g., power generation or reduction of 
fuel usage if the steam is generated in a fired boiler), minimize the amount of condensate 
25 generated when the shifted gas is cooled for further processing, handling/treatment, and reduce 
the size of equipment used to cool the shifted gas. 

Therefore, the inventors contemplate a method of reducing steam consumption in a shift 
conversion processes, in which in one step a first shift reactor and a second shift reactor are 
provided. In another step, feed gas is separated into a first portion and a second portion, wherein 



509/099999-4000 
373033.01 aOl/07/03 



-5- 



613439-9 3L2. mO JL J. 303 
Attorney Docket No.? 100325.0199PRO 



the first portion is fed to the first shift reactor to produce a processed feed gas. In yet another 
step, the processed feed gas is combined with the second portion to form a mixed feed gas, and 
in still another step, the mixed feed gas is fed to the second shift reactor. It should also be noted 
that the disclosed process configuration is not limited to two-reactor systems. For example, a 
5 series of three or more reactors may be utilized in which the gas by-passed around one reactor is 
fed to a reactor downstream the one reactor. 

Thus, specific embodiments and applications of improved configurations and processes 
for a shift reaction have been disclosed. It should be apparent, however, to those skilled in the art 
that many more modifications besides those already described are possible without departing 

10 from the inventive concepts herein. The inventive subject matter, therefore, is not to be restricted 
except in the spirit of the appended contemplated claims. Moreover, in interpreting both the 
specification and the contemplated claims, all terms should be interpreted in the broadest 
possible manner consistent with the context. In particular, the terms "comprises" and 
"comprising" should be interpreted as referring to elements, components, or steps in a non- 

1 5 exclusive manner, indicating that the referenced elements, components, or steps may be present, 
or utilized, or combined with other elements, components, or steps that are not expressly 
referenced. . 
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CONTEMPLATED CLAIMS 

The following claims are provided to add additional clarity to this disclosure. Future 
applications claiming priority to this application may or may not include the following claims, 
and may include claims broader, narrower, or entirely different from the following claims. 

1. s A plant comprising a first shift reactor and a second shift reactor, wherein the first shift 

reactor receives a first portion of a feed gas to form a processed feed gas, and wherein the 
processed feed gas is combined with a second portion of the feed gas to form a mixed 
feed gas that is fed to the second shift reactor, thereby reducing steam consumption of a 
carbon monoxide shifting process of the feed gas. 

2. The plant of claim I wherein the feed gas comprises a syngas from a gasification unit or a 
partial oxidation unit. 

3. The plant of claim 1 wherein the first portion of the feed gas is between 50 vol% to about 
75 vol% of the feed gas. 

4. The plant of claim 1 further comprising a bypass that combines part of the feed gas wilh 
an effluent gas from the second shift reactor. 

5. A method of reducing steam consumption comprising: 
providing a first shift reactor and a second shift reactor; 

separating a feed gas into a first portion and a second portion, and feeding the first 
portion to the first shift reactor to produce a processed feed gas; 

combining the processed feed gas with the second portion to form a mixed feed gas; and 
feeding the mixed feed gas to the second shift reactor. 

6. The method of claim 5 wherein the feed gas comprises a syngas from a gasification unit 
or a partial oxidation unit 

7. The method of claim 5 wherein the first portion of the feed gas is between 50 vol% to 
about 75 vol% of the feed gas. 



309/099999-4000 
273033.01 aOl/07/03 



-7- 



Attorney Docket No.: 100325.0 199PRO 

The method of claim 5 further comprising a bypass that combines part of the feed gas 
with an effluent gas from the second shift reactor. 
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